Homalomena debilicrista Y.C.Hoe is described and illustrated as a species new to science from the Matang massif sandstone formation, Kuching Division, NW Sarawak, Malaysian Borneo. It repre sents the sixth species of the informal Hanneae Complex, a morphotaxon apparently endemic to Bor neo and composed wholly of nomenclaturally novel species. Inflorescence events, notably spathe movement mechanisms, and interactions with insect visitors were observed and recorded to determine pollinator/s as part of an ongoing programme accumulating data on pollinator guild niche partition ing in Homalomena. Six insect taxa visited the inflorescences during anthesis: (1) ColeopteraChrysomelidae (Chaloenus schawalleri), Scarabaeidae: Rutelinae (Parastasia bimaculata), Nitidu lidae (genus undetermined), and Staphylinidae (genus undetermined) and (2) Diptera, two species of Colocasiomyia (Drosophilidae). Empirical data strongly implicate P. bimaculata and possibly C. schawalleri to be the pollinators of Homalomena debilicrista. A key to the sofar described species of the Homalomena Hanneae Complex is presented, and the new species is illustrated.
Introduction
Pollination mechanisms of Asian Homalomena Schott remain rather poorly document ed. Entomological studies by Okada (1986) , Yafuso & Okada (1990) , and Sultana et al. (2002) reported broodsite association of various Colocasiomyia (Diptera: Drosophi lidae) species with inflorescences of, among others, Homalomena insignis N.E.Br.
(C. nigricauda), H. lancifolia Hook.f. (C. baechllii, C. bogneri both reported as Dros ophilella), H. pendula (Bl.) Bakh.f. (C. heterodonta, C. xanthogaster) , and 'H. sagit tifolia Schott' (C. nigricauda), but produced no compelling evidence of Colocasio myia pollination activity. Mori & Okada (2001) reported Colocasiomyia (species undetermined) to be the pollinator of Furtadoa sumatrensis M.Hotta since although the inflorescences were also visited by Chaloenus oculatus (Coleoptera: Chrysomelidae) the visitations were too few to justify C. oculatus being the pollinator. Furthermore Mori & Okada (2001) considered C. oculatus as a plunderer rather than a pollinator since the beetles dam aged the staminate part of the spadix while they ignored the 'reward' offered by the interpistillar staminodes.
Beetle pollination has been reported by Kumano & Yamaoka (2006) for Homalo mena with Parastasia bimaculata (Scarabaeidae: Rutelinae) and Chaloenus schawal leri (Chrysomelidae) pollinating an undescribed Homalomena (erroneously called Homalomena propinqua Schott = H. rostrata Griff. -see Wong et al., in press ). Inter pistillar staminodes reported as foodreward structures were consumed by Parastasia bimaculata and C. schawalleri, while Calocasiomyia, which also visited the inflores cences, did not consume these, suggesting P. bimaculata and C. schawalleri to be the pollinators. Further investigation by KumanoNomura & Yamaoka (2009) revealed P. bimaculata to be a more reliable pollinator than C. schawalleri. The efficacy of P. bimaculata as a pollinator for Homalomena has been reinforced by Tung et al. (2010) Homalomenae josephii proxima, foliis conspicue inter nervos laterales primarios pulv inatis, stipite longiore (ad 19 mm longo contra 3.5 mm), zona florum pistillatorum longiore (ad 4.5 cm longa contra 2 cm) facile distinguenda.
Type: Malaysia, Sarawak, Kuching Division, Matang, trail to Maha Mariamman In dian Temple, 01° 35' 25.7" N, 110° 13' 12.8"E, 5 June 2010, Hoe Yin Chen AR 3057 (holotype SAR) .
Mediumsized, moderately robust, evergreen, glabrous, strongly aromatic (pungent lime) herbs to ca 95 cm tall. Stem erect to ascending, ca 3-4 cm thick, green, modules pleionanthic, older parts turning pale brown with conspicuous adventitious roots, these often penetrating the petiole bases; internodes to ca 1.7 cm long. Leaves 5-17 together; petiole 60-85 cm long × 9-12 mm wide at midpoint, erect to spreading, petiole bases clasping, generally red, although occasionally individuals with green petiolar bases occur, adaxially slightly grooved, petiole weakly pulvinate ca ¼ to ½ way from leaf blade insertion, green, occasionally pale red, always with faint, scattered pale green to rarely dirty white longitudinal broken ridges; petiolar sheath 25-30 cm long, ca ⅓ of petiole length, red, very rarely green, wings up to 1 cm wide, open, rounded and weak Inflorescence at late staminate anthesis, the lower spathe has been articicially removed. Note the resin droplets remaining on the distal portion of the spadix, and the remnants of pollen strings towards the middle part; E. Infructescences. Note that the persistent spathe has turned dark red. The right hand spathe has been opened artificially to show the nearly ripe dark red fruits. ly decurrent at apex, margins slightly incurved, tapering to apex, sheath initially per sistent, soon marcescent along the margin, eventually whole sheath marcescent; leaf blade broadly ovatosagittate or ovatocordate, 31-40 cm long × 24-33 cm wide, thin ly leathery, conspicuously quilted between the primary lateral veins, with conspicuous (notably on newest leaves) areolate-punctate glands (? extrafloral nectaries) present on the leaf blade, blade semiglossy medium green adaxially, paler abaxially, drying uni formly pale yellow, base cordate or sagittate, posterior lobes spreading, subtriangular, 11-19 cm long, tip obtuse, shortcuspidate for ca 1 cm or shortacuminate for ca 2 cm, apiculate with a hooklike black or red mucro to ca 4 mm long; midrib raised abaxially, ca 6 mm wide at the base, 4 mm wide at the centre, adaxially flush with blade, ca 5 mm at the base, 3 mm at the centre; 15-16 primary lateral veins on each side, diverging at 40°-90° from the midrib, adaxially impressed, abaxially raised, curved sharply to wards the apex when near the margin; interprimary veins impressed, almost the same as the primary lateral veins, alternating irregularly with primaries, posterior lobes each with 3-4 primary lateral veins; secondary venation rather obscure, raised on both sur faces; tertiary venation not visible, all veins running into a thickened intermarginal vein. Inflorescences 1-6 together in a gorgonoid synflorescence, erect, the first inflo rescence in a flowering module subtended by a foliage leaf, each subsequent inflores cence subtended by a 2keeled 5-7 cm pale brown, rarely pale pink prophyll; peduncle 15-19 cm long × ca 5.2 mm wide, matte, pale green or sometimes yellowish distally, shading to pale pink, with dirty white obscure longitudinal broken ridges as for petiole. Spathe white with red tip and mucro, early on with the middle portion around the con striction pale green, turning pale pink after anthesis, up to 12 cm long; lower spathe ovoidellipsoid, ca 4 cm long × 3 cm wide at pistillate anthesis, constricted at the junc tion of the spathe limb coinciding with the lower-most fertile staminate flowers; spathe limb ca 6.5 cm long ×2.6 cm wide at pistillate anthesis, ovatotriangular, mucro to ca 4 mm, lower spathe limb loosening and then opening wide at pistillate anthesis, spathe limb slightly furled at staminate anthesis. Spadix exceeding spathe by the time of sta minate anthesis, ca 13 cm long post staminate anthesis, slenderfusiform, narrowing in the lower part of staminate zone coinciding with the constriction of the spathe; stipe 6-19 mm long × 5-7 mm width, weakly somewhat fusiformcylindric, inserted slight ly obliquely on peduncle, glossy white; pistillate zone 4.5-3.4 cm long × 9.5 mm wide, ca 1 / 3 length of spadix weakly fusiform; pistils weakly polygonalcylindrical, densely arranged when fresh, 1.25-1.5 mm in diam., 1.2 mm tall, yellowish, turning dark brown or grey in alcohol, stigmatic exuding pale brownish grey in alcohol, to almost cover the whole pistillate zone; each pistil associated with 24 interpistillar stamin odes, these stipitate, equalling the associated pistils, tip abruptly globose, ca 0.7 mm in diam., waxy white, staining very pale brown in alcohol; style barely differentiated; stigma truncate and smaller than ovary, globosecapitate, conspicuously wet at female anthesis, very pale grey when fresh, staining grey or rarely dark brown in alcohol; in terstice staminodes rounded or irregularly polygonal, each comprising a single sterile anther, 0.9-1.2 cm long × 6 mm wide, ca 2 mm in diam., waxy white; staminate zone 11.2 cm long × 7.2 mm wide, ca ⅔ length of spadix, lower part slightly constricted, white with yellowish-green resin produced from between the staminate flowers at the onset of staminate anthesis; staminate flowers irregularly polygonal, each comprising 4-6 truncate stamens, overtopped by a large flat synconnective, ca 2.5 mm diameter, white, turning pale brown in alcohol, terminal-most flowers on spadix often seemingly sterile. Infructescences exceptionally up to 28 together, but usually fewer, declinate; peduncle matte pale pink occasionally somewhat yellowish or greenish at the base, with dirty white longitudinal broken ridges; fruiting spathe entirely persistent, turning deep red, lower spathe ca 7 cm long × ca 2.2 cm wide, ultimately splitting upwards from base to reveal the ripe fruits; spathe limb ca 6.1 cm length × ca 1 cm wide; fruits ca 4 × larger than ovaries prior to pollination, 2.7-8.3 mm × 1.5-3.8 mm wide, medi um green, ripening red, smelling lime when crushed; stigma impressed, ca 1.2 in diam eter, rounded, orange brown, unpollinated ovaries noticeable shrunken with 3-4 pores on the stigma; stipe pale yellow white; staminate portion of spadix turned brown with all spent flowers degrading into a viscous liquid, smelling of fermenting sour plum; seeds not observed.
Distribution: Malaysian Borneo, Sarawak. Known only from the type locality, where it is common.
Ecology: Gentle to steep slopes in lowland tropical perhumid forest on red ultisols, often beside small streams and along somewhat open trail margins. 250-375m asl.
Etymology: From the Latin debilis -weak, and crista -a crest, in allusion to the diagnostic longitudinally weaklycrested petioles and peduncles.
Homalomena debilicrista belongs to the Hanneae complex (Cyrtocladon Supergroup, see Boyce & Wong, 2008; Ng et al, in press ) defined by thinly leathery, semi-glossy cordatosagitatte leaf blades with scattered adaxial areolatepunctate glands, red peti olar sheaths, the spathe limb length exceeding that of the lower spathe, a staminate flower zone producing resin droplets at staminate anthesis, and the spathe turning pink during anthesis and red into fruiting. Homalomena debilicrista is distinguished by the raised, broken whitish striae on the petiole and peduncle, the petiolar sheath eventu ally fully marcescent, and the white pistils.
Recognition and description of H. debilicrista takes to six the number species that have been formally described for the Hanneae complex.
They may be keyed out as follows: 
Pollination observation of Homalomena debilicrista

Day One
An inflorescence that had been monitored for several days prior was found at 17.30 with the lower spathe loosened slightly, and producing from the lower spathe a floral odour reminiscent of pungent lime and (faintly) of green tea. No insects were present.
Day Two
The lower spathe continued to loosen until 04.00, by which time the gap between the margins of the lower spathe had widened to 3.4 mm and the spathe limb had began to open, initially with a centrally positioned gap 3.2 cm long × 3.3 mm wide, this then within a half hour opening to 6.3 cm long × 9.7 mm wide. The staminate portion of the spadix was by then visible, and the odour had intensified. Observation of the pistillate zone revealed the stigmas to be yellowish and wet, indicating pistillate anthesis.
The first visitor was a single Colocasiomyia fly on the staminate portion of the spa dix. Within an hour the spathe limb was open to its fullest extent (6.5 cm long × 2.6 cm wide), the spadix had elongated to exceed the spathe limb, with the tip of spathe limb remaining slightly convoluted. and the entire staminate zone could be observed. Floral odour was detectable ca ½ m from the plant. One individual of Chaloenus schawalleri approached to a distance of ca 15 cm but did not land.
Between 07.00-09.00, three individuals of Parastasia bimaculata arrived and were moving around inside the lower spathe. A solitary detached interpistillar staminode was observed adhering to the one of the legs of P. bimaculata, suggesting that stamin odes were being dislodged by the beetles. Given the elasticity of the staminode stipe it is unlikely that the staminode was removed by accident and more probable that it had been bitten off by one of the Parastasia. While inside the spathe the beetles mated at the middle portion between the staminate and pistillate zones, and thereafter mostly remained inside the lower spathe. Further C. schawalleri arrived, landing on the inte rior of the spathe limb and from there crawling over the staminate zone and onto the pistillate zone, where they mated.
While the beetles were occupying the lower spathe, ca 10 individuals of a second taxon of Colocasiomyia arrived and were observed mainly on the inner spathe limb, as compared to very few on the staminate and pistillate zones. The Colocasiomyia were mating and deposited eggs at the inner spathe limb, staminate zone and few on the pistillate zone. The first taxon of Colocasiomyia did not utilize the inflorescence. Dur ing this later phase a single small dark orange Nitidulidae beetle visited the inner spathe limb and moved to the spathe limb constriction area, but no further.
By 13.00 damage was clearly visible to the staminate flower zone and inner spathe limb, caused by C. schawalleri.
By 18.30 the single Nitidulidae beetle had left the inflorescence, but P. bimaculata, C. schawalleri and the second Colocasiomyia remained.
Day Three
At 00.00 the staminate zone morphology changed to produce fissures between indi vidual staminate flowers; at the same time the stigmas were observed to be dry and this was taken to mark the end of pistillate anthesis and the onset of the interanthesis phase. Further bite damage was observed on the spadix, and pale brown larvae of Colocasio myia were present on the spathe interior. The Parastasia bimaculata mostly remained inside the chamber and continued to mate on the lower part of the staminate zone. Chaloenus schawalleri mostly remained inside the chamber and also mated there. Any Colocasiomyia flies present were mostly sucking moisture of unknown origin from the inner surface of the spathe limb, and were observed also mating there also.
By 02.00 the staminate zone began to further extend in length. After two hours many of the fissures between the staminate flowers began to fill with yellowish green resin that by 05.00 formed droplets on staminate surface. No pollen had been yet re leased. During this time the staminate zone length increased from 12.5 cm to 13 cm.
At 05.45 pollen was released in dense white strands from the entire staminate zone, the pollen mixed with the resin to form sticky masses. This marked the end of the inter anthesis phase and the start of staminate anthesis.
Following pollen release C. schawalleri and P. bimaculata activities initially re mained the same, only an hour after pollen release did C. schawalleri move to the staminate zone, and were there observed feeding on the both the pollen and the syn connective tissue. The sticky pollen mosses adhered to the beetles, especially to the legs and mandibles. Ca 6 C. schawalleri moved onto the inner spathe and remained there. By 0800 individuals of Parastasia bimaculata had moved to the staminate zone, and pollen was observed adhering to their legs, later there were observed to move back onto lower staminate zone and remain there. Neither species beetle left the inflores cence at this stage. By 1200, a single species of Staphylinidae visited the inner spathe but did not remain long time. By 1630, C. schawalleri left the inflorescence and approximately ⅓ of the distal staminate zone was damaged by them.. However, P. bi maculata still remained at the lower staminate zone, and a few Colocasiomyia flies were present on the inner spathe limb until by 18.30 the constriction between the low er spathe and spathe limb began to tighten. Only a few C. schawalleri and P. bimacu lata remained inside the lower spathe, and a few Colocasiomyia flies were still present on the inner spathe limb. By this time approximately ⅓ of the distal staminate zone had been damaged by C. schawalleri.
Day Four
By 02.00 the spathe limb had further tightened and the lower spathe changed from ovoidellipsoid to ellipsoid while muchrestricting the entrance into the lower cham ber. Both P.bimaculata and C. schawalleri left the lower spathe and were observed to move to the middle of the staminate zone. Colocasiomyia flies remained on the inner spathe limb. By 05.00 the uppermost part of the spathe limb tightened and curled downwards, while the margins of the lowermost part curled inwards. Parastasia bi maculata individuals climbed to the tip of the spadix and left the inflorescence, this correlated with the onset of pistillate anthesis of other inflorescences in the population. By 07.00 the lower half of the spathe limb was closed and only Colocasiomyia flies were present. The final closing of the spathe marked the end of the anthesis period, and within an hour no insect visitors were found.
Conclusions
The period of anthesis of H. debilicrista is ca 51 ½ hours. Comprising ca 19 ½ hours pistillate phase, ca 6 hours interanthesis phase, and a ca 26 hours staminate phase.
Key pollinator attraction and management features are: Odour production, food rewards (staminodes, pollen, and to a much lesser extent the synconnectives of stami nate flowers), mating site and brood chamber (staminate and pistillate zone), and the size chamber formed by the lower spathe for shelter.
The pollinator for H. debilicrista are the beetles Parastasia bimaculata, and Cha loenus schawalleri. Both beetles harvested the inflorescence interpistillar staminodes, staminodes as a food reward (see also Momose et al., 1998; Gibernau, 2003; Kumano & Yamaoka, 2006) . The inflorescences also provided mating space (Gibernau, 2003) for both beetles. Inflorescences of Homalomena debilicrista produce a spicy scent (pungent lime). Kumano & Yamaoka (2006) reported ruteline scarab beetles are at tracted by spicy floral scents.
Initially Parastasia bimaculata, followed by Chaloenus schawalleri were strongly implicated as pollinators. Although both beetles remained in the inflorescences throughout most of the anthesis period, and both had pollen attached to their body parts, their departures from the inflorescence are different. The early morning depar ture of Parastasia bimaculata correlates with pistillate anthesis of another inflores cence whereas Chaleonus schawelleri departs in the afternoon and with this there is a high possibility that any pollen carried will not find a an inflorescence at pistillate an thesis.
Colocasiomyia flies are very unlikely to be involved in pollen transfer. They almost exclusively visit only the inner spathe limb and very rarely the staminate zone and especially the pistillate zone. Colocasiomyia visited chiefly the inflorescence provid ing the mating site and brood site chamber. The structures functioning as a food reward are ignored by Colocasiomyia.
The short visitation period by Nitidulidae beetle and Staphylinidae indicate that they are unlikely to act as pollinators in H. debilicrista.
